The objective was to study the sensory attributes of organic leafy greens treated with plant antimicrobials and identify treatments most accepted by panelists. Organic leafy greens were washed with antimicrobials and stored at 4°C for 24 h prior to serving panelists. Antimicrobials evaluated include: 0.1% clove bud, lemongrass, oregano, or cinnamon essential oils; 0.1% carvacrol or citral; 3% grapeseed, apple, or 10%/7% olive extract; combination of essential oils with extracts; 3% hydrogen peroxide; and untreated control. A randomized block design with an affective test was used and 60 panelists were asked to evaluate samples for preference liking based on a 9-point hedonic scale and for sensory attributes based on a 5-point hedonic scale. Changes in texture and color of leafy greens were measured using a Texture analyzer and a Chroma Meter, respectively. On the basis of preference liking, overall acceptability of spinach and lettuce treated with 0.1% cinnamon oil was ranked the highest (7.5 ± 1.4 and 7.1 ± 1.7, moderately liked), respectively. For texture analysis, washing iceberg lettuce with 0.1% oregano oil + 10% olive extract and spinach with 0.1% lemongrass oil + 1% apple extract yielded the highest firmness values of F = 783.1 ± 53.8 Newtons and 939.30 ± 35.2 Newtons, respectively. Based on the International Commission on Illumination CIE LAB color schemes, treatment with 0.1% oregano oil + 10% olive extract had the greatest impact on color of iceberg lettuce with the lowest L value* (44.5 ± 6.2) indicating the darkest color. These results will help identify plant antimicrobials that have the least impact on sensory properties of organic leafy greens and are preferred by consumers.
Texture Analysis
The texture of each antimicrobial treated leafy green was measured using an Instron or Texture Analyzer (Texture Lab Pro, provided by Food Technology Corporation, Sterling, VA, USA). The leafy greens were treated as described earlier with the appropriate concentration of each antimicrobial or their combinations and stored at 4˚C for 20 -24 h prior to measurements. A 1000 N load cell was attached to a Kramer shear cell with an 8-blade probe attached to the instrument with the speed set to 250 mm/min [17] . A sample (15 g) of treated leafy greens was placed in the Kramer cell chamber to determine the crispiness/firmness value. Three repeats were conducted and an average of the highest peak force (measured in Newtons (N)) from three trials was indicated as the crispiness value of the sample.
Color Measurements
The color of the treated leafy greens was measured using a Minolta Chroma Meter (Model CR-400, Minolta, Inc., Tokyo, Japan). The color was measured using the International Commission on Illumination-CIE L*, a*, and b* coordinates. The L* value is a measurement of lightness from dark (L* = 0) to absolute light (L* = 100); a* axis ranges from green (−) to red (+); and b* axis ranges from blue (−) to yellow (+) [18] . The instrument was calibrated using Minolta standard white reflector plate. Four repeats of the experiment were conducted and three different readings were taken during each repeat (total readings 12) for each sample.
Statistical Analysis
For sensory analysis, each experiment was divided into three trials with new sets of 60 panelists at each trial. A randomized block design was used for sensory analysis. An average was calculated based on 60 responses for preference liking and sensory characteristics for each treatment. Data were analyzed using One-way Analysis of variance (ANOVA) Tukey's pairwise test at a level of significance of p ≤ 0.05 using Minitab 17 (State College, PA, USA). A linear regression was used to determine the correlation between overall acceptability and other sensory parameters based on preference liking. Statistical analysis on texture and color measurements was also done using ANOVA, with statistical level of significance considered at p ≤ 0.05.
Results and Discussions
Numerous studies have shown antimicrobial properties of plant-based compounds (19) (20) (21) (22) ; however, studies concerning their effect on the sensory properties of leafy greens have been limited. One study showed that the addition of oregano essential oil preserved the intensity rating of positive attributes in extra virgin olive oil during storage [23] . To our knowledge, the impact of plant antimicrobial washes on the sensory attributes of organic leafy greens has not been extensively studied. Therefore, in this study, we identified plant antimicrobial washes for organic leafy greens that had the highest preference liking among consumers, and described how the color and firmness attributes of leafy greens are impacted by these compounds.
The concentration of each antimicrobial for washing organic leafy greens was chosen based on previous work indicating its antimicrobial properties. A total of 15 different treatments were evaluated for lettuce and 16 different treatments for spinach samples. Sensory analyses on lettuce samples were conducted first; therefore, treatments that were considerably disliked by panelists were not further tested on spinach samples. In addition, preliminary work was conducted using higher concentrations of plant antimicrobials for sensory analysis; however, due to majority of consumers' dislike preferences, lower concentrations were chosen for this study.
Affective test is a sensory test commonly used to identify samples with the highest preference liking when comparing multiple samples using untrained panelists [24] . Hence, we chose this type of sensory test for our study. Additionally, we asked the panelists to quantify the level of pungency, browning, bitterness, off-odor, and sourness noticed in an antimicrobial treated leafy green sample. To our knowledge, extensive sensory studies have not been conducted on organic leafy greens washed with plant antimicrobials; this study can therefore be used as a baseline to identify sensory characteristics of these samples.
Demographics Information of the Panelists
The criteria for the panelists to participate in this study included the following: 1) each panelist must be at least 18 years or older; 2) must be a non-smoker; and 3) be able to differentiate between colors. Results for all demographic information are shown in Figure 1 . A total of 360 responses from panelists were obtained in this study (180 responses were obtained for a total of 15 lettuce samples and another 180 for a total of 16 spinach samples). Of the 360 participants, 75% were female, and 25% were male. The age of the panelists ranged from 18 to 78 years, with majority of them (65%) in the age range 18 -25 years. On the basis of ethnicity, the panelists included 47% White, 24% Hispanic or Latino, 22% Asian, 3% African American, and 4% others. The highest preference concerning the types of leafy greens was for spinach (35%), followed by mixed greens (34%), romaine (22%), and iceberg lettuce (9%). Of the participants, 56% indicated that they consume conventionally grown leafy greens at least twice a week and 24% indicated that they consume organic leafy greens at least twice a week. Another similar study showed that overall, there were no significant differences between the consumer liking and consumer perceived sensory qualities of organically and conventionally grown vegetables including tomatoes, cucumbers, and onions [25] .
Sensory Analysis of Organic Iceberg Lettuce Treated with Plant Antimicrobials
Among all plant antimicrobial treatments, iceberg lettuce washed with 0.1% cinnamon oil had the highest preference liking by panelists, ranging from 6 to 7 on the hedonic scale (liked slightly/moderately). Cinnamon oil may be preferred by panelists as there is a sweet taste associated with it. Another possible reason could be the familiarity of cinnamon among consumers. Majority of the population in this study were 18 -25 years old white females, which may also describe the higher preference liking for cinnamon oil compared to others. Sweetness taste has higher hedonic appeal especially among children and young people [26] . A study conducted using 1005 participants from North America showed that females preferred comfort foods such as chocolate and ice cream compared to males [27] . For aroma, color, freshness, mouthfeel, flavor, and overall acceptability, there were no significant differences (p ≤ 0.05) between control, 3% H 2 O 2 , and 0.1% cinnamon oil treatments for iceberg lettuce samples (Table 1) . Additionally, other treatments that were slightly or moderately preferred by panelists include: 0.1% clove bud oil, 0.1% citral, and 0.1% oregano oil. Treatment of organic iceberg lettuce with 0.1% cinnamon oil had the least impact on pungency, browning, bitterness, off-odor, and sourness of lettuce ( Table  2 ). Other studies have indicated similar results where vegetables (iceberg lettuce, beet, and arugula) sanitized with Origanum vulgare and Rosmarinus officinalis essential oils alone and in combination were "liked slightly" and "neither liked nor disliked" based on the 5-point hedonic scale [28] .
Combination treatments and treatments with plant extracts had the highest influence on preference liking by consumers based on color, as these treatments imparted higher browning characteristics to iceberg lettuce. Customers evaluate visual appearance and color first followed by taste, aroma, and texture [15] . EOs or active components used (individually) for washing iceberg lettuce did not have a significant (p ≤ 0.05) impact on browning, since there were no significant differences between the control, 3% H 2 O 2 , 0.1% cinnamon oil, 0.1% citral, and 0.1% oregano oil, all of which had a rating level of 1 (not brown at all).
Washing iceberg lettuce with tap water (control), 3% H 2 O 2 , 3% grapeseed extract, or 3% apple extract did not have a significant impact (p ≤ 0.05) on the pungency level, as all samples were rated at level 1, not pungent at all. The majority of the treatments evaluated did not increase the bitterness or sourness level of iceberg lettuce in comparison to the control or 3% H 2 O 2 . Again, samples that were not significantly (p ≤ 0.05) different based on off-odor in comparison to the control or 3% H 2 O 2 included those that were treated with 0.1% cinnamon oil.
Sensory Analysis of Organic Baby Spinach Treated with Plant Antimicrobials
For spinach samples, the treatment with the highest preference liking based on aroma was 0.1% lemongrass, and based on all other parameters (color, freshness, mouthfeel, flavor, and overall acceptability) 0.1% cinnamon oil had the highest preference liking ( Table 3 ). The treatments that had an adverse impact on the color parameters 0.1% clove bud oil, 3% apple extract, 3% grapeseed extract, and a combination of 0.1% clove bud oil + 3% apple extract; they all had a rating of 1 (not pungent/ off-odor at all). Treatments that were significantly different (p ≥ 0.05) based on bitterness included: 0.1% oregano oil + 1% grapeseed extract, 0.1% oregano oil, 7% olive extract, 0.1% carvacrol, and 0.1% oregano oil + 7% olive extract. Treatments that significantly (p ≥ 0.05) impacted the sourness value of spinach included: 0.1% citral, 0.1% lemongrass oil + 1% apple extract, 0.1% oregano oil, 7% olive extract, 0.1% carvacrol, and combination of 0.1% oregano + 7% olive extract which had ratings of 1.9 ± 1.1 -2.1 ± 1.2 (slightly sour). The least preferred treatment for spinach samples was a combination of 7% olive extract with 0.1% oregano oil based on aroma, flavor and overall acceptability. For color preference, spinach treated with 3% grapeseed extract had the lowest rating (6.0 ± 2.4, like slightly), and for freshness, 0.1% clove bud oil + 3% apple extract had the lowest rating (5.8 ± 2.5, neither like nor dislike); however, the difference was not significant (p ≤ 0.05) between these treatments and 7% olive extract + 0.1% oregano oil. The combination of olive extract with oregano oil was the least preferred based on overall acceptability (4.4 ± 2.5, slightly dislike), with this treatment being ranked the highest for pungency (3.2 ± 1.2), browning (2.0 ± 0.9), and bitterness (3.0 ± 1.3) ( Table 4) . There is a negative correlation between rating of preference liking and sensory characteristics including pungency, browning, bitterness, off-odor, and sourness (data not shown). 
Comparison of Spinach and Iceberg Lettuce with Regard to Sensory Analysis
Overall, most of the treatments for spinach samples had a higher preference liking by consumers in comparison to those for lettuce samples. When panelists were asked which leafy green was preferred/consumed the most, spinach was also rated the highest and this could have influenced the preference liking for spinach samples after treatment. Additionally, plant antimicrobials had a lower impact on the color and texture properties of organic baby spinach in comparison to iceberg lettuce; therefore, this could be a factor contributing to the lower preference rating for iceberg lettuce samples. Combination treatments such as 0.1% clove bud oil + 3% apple extract had a rating of 3.5 ± 1.99 (dislike moderately) for iceberg lettuce; however, the same treatment had a rating of 5.7 ± 2.4 (neither like nor dislike) for baby spinach. A similar trend was seen with the combination treatment of 0.1% oregano oil + 1% grapeseed extract and the individual treatment of 7% olive extract, where the preference rating based on the overall acceptability was increased by 1-unit scale on spinach samples in comparison to iceberg lettuce. It was evident that the combination treatments did not increase the preference liking among consumers for both iceberg lettuce and spinach samples. In general, a concentration-dependent effect on the preference liking was observed. For example, in case of iceberg lettuce samples, the treatment with 3% apple extract was rated 4.8 ± 2.1 (dislike slightly) and when 3% apple extract was combined with 0.1% clove bud oil, the overall acceptability dropped by about 1 unit (3.5 ± 2.0, dislike moderately). However, when lower concentrations of extracts were used in combination with essential oils, then the preference liking slightly increased. Treatment with 0.1% oregano oil in combination with 1% grapeseed extract had a preference liking of 4.0 ± 2.3 (dislike slightly), which was better than that of 0.1% clove bud oil + 3% apple extract; however, using plant extracts or essential oils alone in general had higher preference liking. Treatment of 0.1% clove bud oil alone for iceberg lettuce showed a preference rating of 6.0 ± 2.0 (like slightly) and 3% apple extract had a rating of 4.8 ± 2.1 (dislike slightly).
Linear regression (Figure 2 ) was conducted to compare the data on the ranking of overall acceptability with aroma, color, freshness, mouthfeel, and flavor. For iceberg lettuce samples, flavor (R 2 = 0.91) and mouthfeel (R 2 = 0.92) parameters were closely related to the rating of overall acceptability (Figure 2(a) ) for all treatments. For spinach samples, flavor (R 2 = 0.94) was the most influencing factor in determining the overall acceptability of a sample suggested by the strong correlation value (Figure 2(b) ). A similar trend was seen where a correlation of R 2 = 0.91 was found between flavor and overall acceptability of a salad dressing incorporated with 0.2% oregano EO and 1.14% salt [16] . In some cases, a strong correlation was seen between color attributes and overall acceptability for lettuce samples washed with plant extracts. For example, iceberg lettuce leaf washed with a combination of 0.1% oregano oil +10% olive extract had the highest correlation of R 2 = 0.80 between color and overall acceptability (data not shown). In general, for all treatments, upon comparing overall acceptability with other sensory parameters (aroma, color, freshness, mouthfeel, and flavor), flavor was the most influencing factor determining the overall acceptability of samples as indicated by Figure 2(a) and Figure 2(b) .
Additionally, each panelist was asked about the likelihood of purchasing leafy greens washed with a specific treatment. In response to this question, iceberg lettuce or spinach treated with 0.1% cinnamon oil was very/extremely likely (25 − 26/60) to be purchased by panelists (data not shown). A strong correlation was seen between the rating of overall acceptability and likelihood of purchasing for both spinach (R 2 = 0.95) and iceberg lettuce (R 2 = 0.96) after washing with plant antimicrobials (data not shown).
Effects of Plant Antimicrobial Treatments on the Texture of Organic Leafy Greens
Textural changes are one of the main causes of quality loss in a food product [17] . It is therefore crucial to evaluate the impact of plant antimicrobial treatments on organic leafy greens. It is difficult however, to obtain texture measurements on iceberg lettuce because of the heterogeneity of lettuce leaves. Iceberg lettuce has two types of tissues, vascular and photosynthetic, which are relatively different in textural properties [29] . In the present study, we have shown that overall, plant antimicrobials had a higher impact on the textural properties of iceberg lettuce in comparison to spinach, due to the softer tissues and non-uniformity in the texture of iceberg lettuce.
Texturometer analysis showed that iceberg lettuce washed with calcium lactate had significantly higher (p > 0.05) crispiness value than samples washed with chlorine [17] . All plant antimicrobial treatments for iceberg lettuce had higher firmness values (Table 5 ) than control, except the individual treatments of 0.1% lemongrass oil and 3% apple extract. These results indicate that some plant antimicrobials are able to improve the textural properties of iceberg lettuce in comparison to the control (tap water wash). Our results showed that treatments with cinnamon oil, clove bud oil, citral, grapeseed extract, and carvacrol may enhance the textural properties of organic leafy greens because greater force was required to crush these samples, and also panelists rated these treatments higher for freshness quality. Table 5 . Crispiness/Peak Force values of organic iceberg lettuce and baby spinach samples after washing with plant-antimicrobials and storage at 4˚C for 24 h. Crispiness values were measured by taking an average of the highest peak force (N) required to crush the samples from three separate trials ± standard deviation. Different letters signify statistical differences (p ≤ 0.05) between force values of various treatments. For iceberg lettuce, treatment with 0.1% oregano oil + 10% olive extract combination yielded the highest force (F = 783.1 ± 53.8 N). This treatment significantly (p ≥ 0.05) influenced the texture of iceberg lettuce by making the sample softer and increasing its elasticity. By visualization and tactile feel, this did not indicate crispiness; however, due to an increase in elasticity, this sample might have needed a higher force to be crushed in comparison to other treatments. The treatment of iceberg lettuce with 0.1% oregano oil in combination with 10% olive extract was also rated the lowest by consumers for mouthfeel and freshness ( Table 1 ), indicating that this treatment significantly influenced the textural properties of iceberg lettuce. The firmness of spinach was not very much affected by plant antimicrobial treatments in comparison to iceberg lettuce, since spinach is thicker and more uniform in textural properties than iceberg lettuce. Additionally, the weight of iceberg lettuce is more water-based than spinach. The treatment with 0.1% oregano oil on spinach had the greatest loss in firmness (F = 774.7 ± 42.1 N) as indicated by the least force required to crush the samples in comparison to other treatments. Cinnamon oil may improve the textural properties of iceberg lettuce as shown by our results and it had higher crispiness value (F = 607.9 ± 26.5 N) compared to the control (F = 575.8 ± 82.1 N) ( Table 5) .
For spinach samples, in general, plant extracts had less impact on the firmness quality than EOs, even though no significant (p ≤ 0.05) difference was observed. Additionally, combination treatments of plant extracts and EOs improved the firmness of spinach leaves, as greater force was required to crush these samples. Combination treatments such as 0.1% lemongrass oil +1% apple extract (F = 939 ± 35.2 N), and 0.1% cinnamon oil + 1% grapeseed extract (F = 904.23 ± 3.09 N) enhanced the firmness quality of spinach samples. Plant extracts in combination with EOs may form a complex that perhaps may prevent EOs from coming directly into contact with the leaf, thus preventing any adverse effects on the organoleptic properties. One way to minimize the organoleptic effects of EOs is via the formation of nanoemulsions that could help improve EO stability and antimicrobial activity [30] . Studies have shown that a combination of essential oils with other treatments may act synergistically to improve their antimicrobial activity and thus may help reduce the concentrations of EOs to prevent any adverse impact on the sensory properties of the food product [13] .
Impact of Plant Antimicrobial Treatments on the Color of Organic Leafy Greens
The color properties of spinach samples were not significantly (p ≤ 0.05) affected by plant antimicrobials because spinach is much darker in color compared to iceberg lettuce ( Table 6 and Table 7 ). Our data have also indicated that spinach samples had more negative a * values in comparison to iceberg samples, indicating a dark Table 7) . When panelists evaluated these leafy greens, the preference liking rankings were much higher for spinach samples than iceberg lettuce for color attributes. For iceberg samples, the treatment that showed the greatest impact on color properties was a combination of 0.1% oregano oil with 10% olive extract. This treatment was the least preferred by panelists on the basis of color and rated the highest for browning on iceberg lettuce. The combination of 0.1% oregano oil with 10% olive extract had the lowest L * value of 44.5 ± 6.2 ( Table 6 ) among all treatments, indicating that this sample had the darkest color among lettuce samples. Additionally, the treatment with 3% grapeseed extract on iceberg lettuce had a * = 0.10 ± 3.0 indicating a slight reddish color that was also seen visually by panelists. Higher impact on color change may be evident in combination treatments rather than on individual treatments. A higher impact on color was found when iceberg lettuce was washed in ozonated water containing calcium lactate in comparison to individual treatments [31] . In the present study, all other plant antimicrobial treatments did not have a significant (p ≤ 0.05) impact on the color properties of iceberg lettuce or spinach.
Conclusion
This study provides useful information about plant antimicrobials that could potentially be used as organic sanitizers, while having a low impact on the organoleptic properties of organic leafy greens. Organic leafy greens treated with 0.1% cinnamon oil had the highest preference liking by panelists. This treatment also had the least impact on the sensory properties of both spinach and lettuce; therefore, cinnamon oil may be a good alternative to chemical sanitizers. In general, treatments with EOs were rated high for pungency and off-odor, whereas treatments with plant extracts were rated high for browning. Combination treatments of plant extracts with essential oils were the least preferred, so alternative treatments need to be evaluated. Our results have shown that certain types of leafy greens such as baby spinach may have higher preference liking after washing with plant antimicrobials; however, additional research needs to be conducted. Future studies will focus on conducting sensory analysis of organic leafy greens with trained panelists to reduce the variability in sensory data. The influence of plant antimicrobials on the sensory properties of other organic leafy greens such as romaine lettuce merits further investigation. In the end, practical application of effective plant antimicrobials will be highly influenced by their sensory effects on foods.
